Abstract: Solar energy is the most valuable renewable energy source due to its abundant storage and is pollution-free. The output power of photovoltaic (PV) arrays will vary with external conditions, such as irradiance and temperature fluctuations. Therefore, an increase in the energy conversion rate is inseparable from maximum power point tracking (MPPT). The existing MPPT technology cannot either balance the tracking speed and tracking accuracy, or the implementation cost is too high due to the complexity of the calculation. In this paper, a new maximum power point tracking (MPPT) method was proposed. It improves the traditional perturb and observation (P&O) method by introducing the support vector regression (SVR) algorithm. In this method, the current maximum power point voltage is predicted by the trained model and compared with the current operating voltage to predict a reasonable step size. The boost DC/ DC (Direct current-Direct current converter) convert system applying the improved method and the traditional P&O was simulated in MATLAB-Simulink, respectively. The results of the simulation show that compared with the traditional P&O method, the proposed new method both improves the convergence time and tracking accuracy.
Introduction
Solar energy is the most valuable renewable energy source due to its abundant storage and is pollution-free. PV technology is an essential pillar for transforming our energy systems into one based on renewable and sustainable energy sources [1] . The increase in global power generation was driven by strong expansion in renewable energy, led by wind (17%, 163 TWh) and solar (35%, 114 TWh) sources. Although wind has maintained its role as the more established sustainable energy source, solar energy has recently has much impact. PV systems have largely penetrated the global energy market. In particular, solar capacity increased by nearly 100 GW in 2017, with China increasing by over 50 GW [2] . In 2017, the global solar PV capacity was 402 GW, with the largest proportions being China's 131.1 GW, followed by the USA's 51.0 GW, Japan's 49 GW, and Germany's 42.4 GW [3] . Global solar generation increased by more than a third last year. Much of this growth continues to be underpinned by policy support. However, it has been aided by continuing falls in solar costs, with auction bids of less than 5 cents/KWh-which would have been unthinkable for most projects even just a few years ago-now almost common place. However, photovoltaic power generation still faces the problem of low energy conversion rates. The output power of photovoltaic (PV) arrays vary with external conditions, such as irradiance and temperature fluctuations. Therefore, an increase in the energy conversion rate is inseparable from maximum power point tracking (MPPT).
modified P&O MPPT algorithm, including its principles and simulation module, is introduced in this Section. In Section 3, the simulation results about the tracking performance of the fixed and modified P&O MPPT method are presented. Finally, Section 4 provides a discussion about the simulation results in Section 3.
Materials and Methods

PV Array Modeling
A PV array is a combination of a series of PV cells. The simplest equivalent circuit of a PV cell is shown in Figure 1 . The equivalent circuit includes a photocurrent, ph I , and a diode [22] . The diode indicates the nonlinear relationship between the voltage and current of the PV cell. In addition, to simulate the internal loss of the battery, a series resistance, s R , and a shunt resistance, sh R , are added in the circuit [23, 24] . 
In addition, 0 I is the reverse saturation current of the diode; A is the diode ideality factor usually between 1 and 2, indicating the electron carrying capacity of the p-n junction; k is the 
In Equation (3): According to Figure 1 , the characteristic equation describing the PV cell can be obtained:
where, I ph is photocurrent, which is related to the irradiance intensity, S, and temperatures, T:
In addition, I 0 is the reverse saturation current of the diode; A is the diode ideality factor usually between 1 and 2, indicating the electron carrying capacity of the p-n junction; k is the Boltzmann constant, 1.38 × 10 −23 J/K; T is the PV cell temperature in Celsius; q is an electron charge 1.6 × 10 −19 C; S re f is the reference irradiance intensity at 1000 W/m 2 ; and T re f is the reference PV cell temperature at 25 • C. I ph,re f is the photocurrent under standard test conditions (STC), and C T is the temperature coefficient, here taken as 0.00255
Considering that the value of R sh is usually much larger than R s in practical applications, Equation (1) is simplified to:
In Equation (3):
where among them, I m and U m are the current and voltage corresponding to the maximum power point, U oc and I sc are the open-circuit voltage and short-circuit current of the photovoltaic cell. 
Training and Testing SVR Model
After simulating the constructed PV array, nonlinear power-voltage (P-V) characteristics are obtained as shown in Figure 3 . It can be seen from Figure 3 that when the temperature is a particular value, the open-circuit voltage and short-circuit current of the output curves are different; that is, each group of the opencircuit voltage and short-circuit current have a one-to-one correspondence, and the corresponding maximum power point voltage is also unique. According to this characteristic, the current opencircuit voltage and the short-circuit current value can be obtained to judge the output characteristic curves of the PV array in the current environment, and the maximum power point voltage can be quickly found without using the irradiance and the temperature sensor, thereby determining the step size of the P&O method. Therefore, the open-circuit voltage, short-circuit current, and maximum power point voltage can constitute the training set and testing set of SVR. It is worth noting this considering that a large amount of different actual data cannot be measured in a short time. The training and testing of the model requires a large amount of data in various weather conditions. Due to the limitations of the current conditions, a sufficient amount of real data cannot be obtained. To successfully verify the proposed method, we used the data obtained from the simulation instead of 
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The LIBSVM package developed by the team of Lin Chih-Jen is used to train and test SVR model. The package combines the algorithms of the SVM-light and SMO, and optimizes the shrinking mechanism to make it not only simple, easy to use, fast, and efficient, but also provides many default parameters [27] . The training parameters are set as shown in Table 1 .
In the training process, the simulated training data set is taken as the input. After grid search and cross-validation, the SVR model with the highest accuracy is obtained. Then, the obtained model is tested with the test data set. An attribute matrix consisting of the open-circuit voltage and short-circuit current is used as an input to the model. The predicted value of the output is compared with the actual value of the test set to obtain an error rate for validating the performance of the model. The testing results show that the prediction error rate of the model is below 0.1%, indicating that the model fits well. 
Control Strategy of Improved Algorithm
The objective of this paper is to use SVR to improve the P&O algorithm applied to track the MPP for a PV system under varying dynamic conditions as shown in Figure 4 . The control strategy of the MPPT method combined with the SVR can be divided into three steps. In the first step, the current working voltage and current are obtained by sampling, and the corresponding open-circuit voltage and short-circuit current are calculated to determine the current output characteristic curve. In the next step, the obtained open-circuit voltage and short-circuit current are taken as the input of the SVR model, and the output is the voltage corresponding to the estimated maximum power point, thereby calculating the corresponding optimal step size. The operations of these two steps need to be repeated until the step size is less than a minimum number set in advance. In the last step, the tracking of the maximum power point is continued using the P&O method with a fixed step. It is worth noting that the step size here is a very small value, which makes the oscillation very small. 
Model Simulation
The trained SVR model named "predict" is packaged into the S-function module. The improved P&O MPPT method is shown in Figure 5 . Because the output voltage and current are stored in the working area as variables, the predict module has no input signal from the Simulink module, but from a saved variable, as shown in Figure 5 . This process is done by the oscilloscopes, Uout and Iout. 
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Results and Discussion
Irradiance Reduction
The simulation found that the traditional P&O method showed the best tracking performance when the step size was 8×10 −4 and 5×10 −4 : The tracking speed is the fastest when the step size is 8×10 −4 , and the tracking accuracy is the highest when the step size is 5×10 −4 . Therefore, 8×10 −4 and 5×10 −4 are chosen as the fixed step size of the traditional P&O method to compare the tracking performance with the modified P&O MPPT method. The irradiance was gradually reduced from 1200 W/m 2 to 400 W/m 2 starting at the 0.5th second, and the temperature was a constant 25 °C. The output power curve is shown in Figure 7 , where, Figure 7b is an enlarged view of a portion marked with a red ellipse in Figure 7a , P&O (5e-4) means the P&O method with a fixed step size of 5×10 −4 , P&O (8e-4) means the P&O method with a fixed step size of 8×10 −4 , and P&O + SVR means the modified P&O MPPT method with SVR. The tracking performance under both the fixed and variable P&O MPPT methods are presented in Table 2 .
When the temperature is constant and the irradiance is decreased, the P&O + SVR has a shorter convergence time and a smaller oscillation amplitude. According to the data in Table 2 , compared with the step size fixed at 8×10 −4 , the convergence time of the P&O + SVR is reduced by up to 91.3%; compared with the fixed step size of, the tracking accuracy of the P&O + SVR increases by 2.02 percentage points. 
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Irradiance Increase
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Conclusions
The results of the simulation show that the modified P&O MPPT method with SVR significantly improved the tracking performance: The tracking accuracy was improved while shortening the convergence time. This is attributed to the fast and accurate prediction of the disturbance step size by Step size signal curve when irradiance increases.
The results of the simulation show that the modified P&O MPPT method with SVR significantly improved the tracking performance: The tracking accuracy was improved while shortening the convergence time. This is attributed to the fast and accurate prediction of the disturbance step size by the SVR algorithm. It can be easily seen from the situation reflected by the step size signal curves. The step size can be adjusted in time when the irradiance changes and can be quickly reduced after reaching the steady state, which reduces energy loss and improves the efficiency of the PV generation system.
Compared with other existing methods, the modified P&O MPPT method based on support vector regression proposed in this paper has the advantages of accurate and fast judgment, short training time, low computational complexity, and low realization cost.
However, there are still some shortcomings. Due to the limitations of current conditions, the proposed algorithm cannot feedback to reality at present, and the practical application effect of this method needs further testing. In addition, all the simulations in the paper were done under uniform irradiation. For the case of non-uniform irradiation, there is still no clear and effective solution based on the method proposed in this paper. Additionally, the model proposed in this paper cannot achieve accurate prediction of the step signal under varying temperatures because of the limitation of the attribute matrix composed of an open circuit voltage and short circuit current. These issues will be addressed in future research.
Furthermore, with the rapid development of the computing performance of the chip, the MPPT algorithm may gradually be no longer limited by computational complexity. Based on this fact, a focus on improving the tracking speed and tracking accuracy of MPPT will be the direction of future research. 
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